AD-A260 853
R TR
N-1849

December 1992
By Paul Palo and
Linda Teragouchi

Sponsored By Naval Facilities
TeChmcal NOte Engineering Command

VALIDATION OF THE SEADYN90
CABLE SIMULATION MODEL
USING A THREE-DIMENSIONAL CABLE

DEPLOYMENT DATA SET

ABSTRACT This report presents data from a full-scale, three-
dimensional cable payout test and the corresponsing numerical simula-
tions using the SEADYN90 computer model. The experiment, which was
conducted at the Atlantic Undersea Test and Evaluation Center (AUTEC),
deployed 10 miles of 3/4-inch-diameter cable from a vessel that followed
a predetermined course. Ship position, cable payout rate, and current
profile were measured, along with 11 cable descent trajectories at prede-
fined intervals along the cable. The measured data were then input into
SEADYN90 with minimal simplifications to ensure that modeling errors
could be distinguished from input errors. Qualitative and quantitative
comparisons between the numerical and measured trajectories were con-
sidered excellent when a normal drag coefficient of 2.54 +0.1 (typical of
strumming) was used. The resuits demonstrate that SEADYN90 is ca-
pable of accurately modeling realistically complex test scenarios with
stochastic current profiles, ship velocities, and payout rates, and that the

data set is complete and high quality. .
- | 91—03620
mm A et i

NAVAL CIVIL ENGINEERING LABORATORY PORT HUENEME CALIFORNIA 93043-4328

Approved for public release; distribution is unlimited.




Jg LE Jo =
001 L 08 . O-Q , , 174 \ 4 , ObN.. \ O.Qv lm |m”l. m ‘982 01'C 1D 'ON BOIRIED QS 'GZ'Z§ 89114 "Sainseayy pue $1yB1ap §0 S11in) "9BZ 1ANd ISty
ﬂrﬂr iy —J T —4 ﬁ &J A\ 1Ow _. T MJ \J _oa_vl Wlll = SAN 838 "$3)qQel P3|1RIAP B10W PUE SUCISIAAUOD 108X J3YI0 104 (A]IexNd) pGZ - Wi |,
Y ? = fo : = - (ze
o w = ainiesadway Bunoenqns aimesadwal
= Jo sNIsiad 114#} 6/ iayuaiyey do
» —
- (198X%9) IYNALVHIIWNIL
aimesadwal {ZE ppe ammesadwa) Ll = o eV $1813W J1qno 9.0 speA 31gnd ePr
o Weyusiyey  uayl) /6 snisje) % = e $1318w 219N €00 1234 21and Y
[ e ] s19m) 8c suojjeb (. ]
(3oexe) IHNLVHIJWIL S | s1am| G6'0 s1enb b
pA spied Jiqnd [ Y $19)au 21IQND w pnd mlll ] s1a %0 siuid L]
£ Y 193§ 2I1GN2 1% $1919W DIgNO nE = [x] ! s [ ZA Y] sdnd k)
o suojed 9z°0 s1aly £ v 2 = w sianhw ot sasuno pinyy z0
b sisenb 90'L s10W) ) - L] ! Sl suoodsajqe: dsqy
1 nud "z s190)) ) 2 — w saupIw S suoodsea) ds
014} $30UN0 pINngy £0°0 sRUN W W = - SWNIOA
FWNTOA - = {91 000°2)
suoj 1ioys 't {6% 000’ 1) sauuoy = 1 sauuo) 60 suo1 ysoys
Qi spunod T sweBoyy L S——e by swesbopny SH'0 spunod Qi
z0 $20Uno0 SE0°0 swed 8 = [ swes 82 $azuno 70
(uBiom) SSYN © e (yBrom) sSYIW
sasoe ¥4 .NE 000'01) s1®32ay LT M mllln ey sase1ay o s3se
w sajiw asenbs v $1010W0)1y 31enbs wy 2= - = 1 $4313Wo| 1y 3senbs 92 s9|iw alenbs P
Nu> spieA asenbs FAL 1313w asenbs Cw o = = P $1312W asenbs 80 spieA asenbs P
4 uy sayduy asenbs 910 $12)13W1IUO dsenbs m:u = - © w $1313u: asenbs 600 123} asenbs F el
4 — 4 - = Nm:u $1219WNUad 3senbs G9 saydut asenbs Nc_
v3iuv [ — Vauv
A bR s w3 T wy sowory 91 sop "
y 129} £ s1210W w m “'l ) . ~ w s1212w 60 n“=0> ﬂ)
ug sayout 0 $1912WNUD w) - un s113wWNuad 0e 197§ Y
w sayou) Y00 SI913WH W ww 3 =— wd $1319WHIVD sz, sayowm w
HIDN3T N = H19N3Y
foquAsg purg og Aq Aidninyy MOUY NOA UBYM loquis = 2 joquis pugjoy AqAidiymy  mou) NOA usym  jOquiAg
S2NSTIpy J1AABW WO SUOISIIAUOY BlewiNoxddy m = $8INSE0W J1M19KY O} SUOISIBALOY) Rlewxosddy
s =
N & = )
——ih

SHOLOVA NOISHIANOD Diu13W




Farmm Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-018
mmmuumumbmwaw1mn P including the time for reviewi isting data
mmmmmmwmw of Ink th s«umwmwm«wmmmm

collection information, suggestions kr reducing this burden, eow“mwm mulnmmmnmmwmonbmy
Sulle 1204, Arlingion, VA 22202-4302, and to the Office of Management and WPMWM(07M1M) Washington, DC 20503,
1. AGENCY USE ONLY (Leave Nank) 4 REPORTDATE 3. REPORT TYPE ANO DATES COVERED
December 1992 Final: May 1990 through Sep 1991

4. TITLE AND SUBSTITLE 8. FUNDING NUMBERS

VALIDATION OF THE SEADYN90 CABLE SIMULATION MODEL
USING A THREE-DIMENSIONAL CABLE DEPLOYMENT

| DATA SET PR - 44-085

& AUTHOR(®) WU - DN666284
Paul Palo and Linda Teragouchi

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESSES) 8. PERFORMING ORGANIZATION

REPORT NUMBER

Naval Civil Engineering Laboratory
560 Laboratory Drive TN - 1849
Port Hueneme, CA 93043-4328

9. SPONSORINGMONITORING AGENCY RAME(S) AND ADDRESSE(S) 10. SPONSORINGMONITORING

AGENCY REPORT NUMBER

Naval Facilities Engineering Command
Chesapeake Division

Ocean Engineering and Construction Project Office (FPO-1)
Washington, DC 20374-2121

11. SUPPLEMENTARY NOTES

125 DISTRIBUTIONAVAILABILITY STATEMENT 12. DISTRBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words)

This report presents data from a full-scale, three-dimensional cable payout test and the corresponsing numerical
simulations using the SEADYN90 computer model. The experiment, which was conducted at the Atlantic Undersea
Test and Evaluation Center (AUTEC), deployed 10 miles of 3/4-inch-diameter cable from a vessel that followed a
predetermined course. Ship position, cable payout rate, and current profile were measured, along with 11 cable
descent trajectories at predefined intervals along the cable. The measured data were then input into SEADYN90
with minimal simplifications to ensure that modeling errors could be distinguished from input errors. Qualitative and
quantitative comparisons between the numerical and measured trajectories were considered excellent when a normal
drag coefTicieat of 2.54 +0.1 (typical of strumming) was used. The results demoastrate that SEADYN9Q is capable
of accurately modeling realisticaily compiex test scenarios with stochastic current profiles, ship velocities, and
payout rates, and that the data set is complete and high quality.

14. SUBJECT TERMS 15. NUMBER OF PAGES
Cable dynamics, strumming - 70
16 PRICE CODE
17. SECUNITY CLASSIMICATION 18. SECUNITY CLASSIMCATION 19, SECURITY CLASSIRCATION 20. LMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unclassified UL
NSN 784001-200-5800 Standard Form 298 (Rev. 2-49)
Prescribed by ANSI Std. 239-18
208-102

-——




CONTENTS

BACKGROUND ........... ...
OVERVIEW OF EXPERIMENT ...............

Objective . .........ciiiiimueunnnennn
Test Description . .....................

DATA ACQUISITION ............c. .
ANALYSES . ... ... . i i i
SEADYN9 O Model ....................

InputData ................ ... ......
Validation ................. ... .....

APPENDIXES

A - SEADYN9 O InputData-Run6 .........
B - SEADYN90 - SOAR Comparisons ........
C - Parametric Analyses Results . ...........

...............

---------------

...............

p—t

(98]

&

NN e s

...............

DTIC QUALITY [NSPECTED 3

Accession For
NTTS  “Rakl
pDT1 TR 0
Uns acune 2d O

Juotirient o e

——— e n

B o .
Diatrivutionf

S ——

Avs1lahiliiy Codes

T odall _hnd;‘or
Spenial

&7
-

3%

il |




BACKGROUND

The Southern California Anti-Submarine Warfare (ASW) Range Phase II (SOAR II) was
established to extend the existing range off the coast of San Clemente Island, California. This
project was initiated to meet the Navy’s requirements for an instrumented ASW Range to provide
training and enhanced fleet ASW capabilities. The SOAR II Range uses Multiplexed Range
Sensor Arrays (MRSA) which consist of 64 hydrophones on eight cables for an expanded range
coverage of 500 square nautical miles.

To date, the Navy has never had a cable installation as technically complicated as this
one. Each dynamic cable lay required precise placement of eight hydrophones on approximately
40 miles of cable, witlr variable bathymetry, varying currents, and multiple-curved cable tracks.
The eight cable tracks and bathymetry are shown in Figure 1. Each hydrophone had to be placed
within a 300-foot radius tolerance circle in 3,000 to 5,000 feet of water.

The Naval Facilities Engineering Command (NAVFAC), Chesapeake Division
(CHESDIV) was assigned to procure the cable and install all the components of this ASW range.
CHESDIV conducted the planning, engineering design, installation systems testing, and actual
installation to execute the SOAR II installation while they maintained the fiscal and
administrative control of the assigned tasks (Ref 1). '

CHESDIYV tasked Makai Ocean Engineering, Kailua, Hawaii, to create a real-time on-site
computer model to estimate the cable shape in the water column from which payout rate, ship
course, and ship velocity recommendations  would be made to ensure placement of the
hydrophones within the stringent tolerance circles. Due to the unproven experimental nature of
such a computer model, the Naval Civil Engineering Laboratory (NCEL) was tasked to provide
a backup capability to the Makai model. The original plans for this backup system called for
extensive sets of payout tables created using simulations from the SEADYN90 computer model.

SEADYNO0 is a general purpose, finite element, large displacement simulation mode! for
arbitrary cable and truss structures (Ref 2). It was originally developed in 1974 with continual
updates over the years. The last major revision occurred in 1990. It was concluded t".at an at-
sea test was necessary to calibrate the SEADYN90 computer model for this particular application
and to evaluate many of the mechanical systems to be used in the SOAR Il installation. The test
was conducted at the U.S. Navy Atlantic Undersea Test and Evaluation Center (AUTEC)
Weapons Tracking Range east of Andros Island, Bahamas from 14 through 24 July, 1990.
NCEL was responsible for data reduction and reporting, and all of the SEADYN90 simulations
for this calibration effort.

OVERVIEW OF EXPERIMENT
Objective
The purpose of the SEADYN calibration test at AUTEC was to produce an extensive

record of the cable trajectories, vessel track, cable payout rate, and environmental data to use
as input for the SEADYNO9O calibration effort.




Test Description

Seven experimental runs were completed at the AUTEC Weapons Tracking Range (see
Table 1). Six tests consisted of instrumenting and deploying a 10-mile sample of cable with 11
acoustic tracking pingers (see Appendix A for hardware description). The cable was deployed
along a predetermined path from the OCP SEACON, a 260-foot Navy construction barge
equipped with a Voit-Schneider Propulsion System for accurate dynamic positioning. The
descent trajectories of the tracking pingers were monitored by the AUTEC Range Control Center.

The test sequences for Runs 1, 2, 3, 6, and 7 were essentially the same in design. The
barge held position while the anchor end of the cable was lowered and set on the seafloor. The
barge then ramped to the steady-state speed, slowly paying out cable to obtain the dynamic
equilibrium configuration. The barge maintained a 1.5-knot velocity with 11 percent cable slack
for the remainder of the test. Approximately 10 miles of cable were deployed 500 to 1,000
yards to the east and/or south of the tracking range including 45-degree and 90-degree course
changes. The five tests varied in barge course, attachment of in-line Multiplex Transmission
Units (MTUs), and placement of acoustic pingers. As shown in Table 1, not all of the 11
pingers functioned appropriately for many of the tests.

The objective of Run 4 was to determine what effects an abrupt change in the barge’s
path had on the cable/pinger path. The testing scenario for this experiment was as follows. The
barge maintained a straight line course at 1.5 knots through the entire descent of the first pinger
to acquire a baseline model. Twenty minutes after the next functional pinger entered the water,
the barge moved off track 750 feet. The barge returned to the original track upon touchdown
of this pinger. The barge was again moved 750 feet off track 5 minutes after the last pinger was
deployed. No postprocessing or analyses was completed for this experiment.

Table 1. Overview of SOAR Simulations

L Operational SEADYN90
Run Date Type MTU Pingers Analyses

1 7/15 90° Tum N 8 0

2 7/16 45° Tum N 8 2

3 7/18 0° Tumn N 0 0

4 7/19 Influence N 3 0

5 7/20 Tow N 3 5

6 7/22 90° Turn Y 11 20

7 ZEZ=== 45° Tum Y 11 12

Run 5 was completely different from the other six AUTEC tests conducted in this test
series because it was a steady-state tow test with no payout. Run 5 was designed to find a drag




coefficient appropriate for this particular type of cable. The cable was instrumented with three
acoustic tracking pingers. They were spaced 600 feet apart, starting within 3 feet of the 275-
pound concrete block anchor. The 1,800 feet of cable was lowered off the stern of the
SEACON. The barge then maintained a straight line course with constant velocity until it was
believed a steady-state tow configuration had been achieved. The steady-state speeds included
0.5, 1.0, and 1.5 knots.

DATA ACQUISITION

Data was collected at the AUTEC Range Control Center and aboard the OCP SEACON
as summarized in Table 2. The Control Center monitored the descent of the acoustic tracking
pingers attached to the cable. A pinger was also attached to the hull of the SEACON. This
pinger provided an unbiased record of the ship’s path during the experiments.

Table 2. Sources of Data

AUTEC (9-track tapes, plots)

Time* Position*
Ship Velocity*
Pinger .| Acceleration
Current (Bounce Pingers) Advance*

Phrognav (5-1/4-inch disks, printout)

Time Position
Velocity
Acceleration
Ship Advance
Heading

Cable Length
Payout Rate*

Current (ADCP) Velocity
Heading

Manual Entry Notes

Payout Tables Time

Distance along Track
Ship Velocity

Cable Length

Payout Rate

*Data used for analyses.




The Range Control Center also logged the current velocity profile data gathered by the
Bounce Pingers. ' For the majority of the tests, two Bounce Pingers were deployed
simultaneously with a 1-mile separation to measure spatial variations. The Bounce Pingers had
a maximum depth of 3,600 feet. Therefore, no information was gathered for the lowest quarter
of the water column since the seafloor in the testing area was at 4,900 feet.

The Pelagos Phrognav Integrated Navigational System aboard the SEACON monitored
the barge position, barge heading, and cable payout rate. The barge position data was acquired
using a Sercel Syledis Radiopositioning System. Five Syledis antennas were installed on Andros
Island for this project. The real-time positioning information received from Syledis was used
to pilot the vessel. The Syledis positioning data was not used in the analysis because the pinger
mounted on the hull provided unbiased barge position data that was consistent with the cable
trajectory data.

Barge heading was acquired from the barge’s gyro and recorded on disk by the Phrognav
system. Phrognav also logged the cable payout rate and length gathered from a Red Lion Cable
Counter. :

The SEACON was also instrumented with a 150-kHz Acoustic Doppler Current Profiler
(ADCP). The ADCP measured current profile data for the top 1,200 feet of the water column
during each experiment. Due to the redundancy of the data gathered from the Range Control
Center (i.e., the Bounce Pinger current profile data), the ADCP data was not ased in later
analyses.

ANALYSES
SEADYN90 Model

SEADYNO0 was used as the primary model for simulating the data recovered from the
AUTEC sea trials. SEADYNO90 is a general purpose finite element cable model which can
perform static, time domain dynamic, and modal analyses. SEADYNO0 uses a discrete element
approach to model cable systems. It can be considered a combination of the finite element
method and the lumped parameter method where lines are modeled by the finite element method
with bodies being lumped at the node points (Ref 3). SEADYN90 can simulate almost any cable
problem of interest, including: three dimensions; multi-material lines; nonlinear stress-strain
characteristics; arbitrarily positioned anchors and buoys; spatially and time-varying current fields;
time-varying point loads and payout/reel-in; surface and bottom constraints; user-definable drag
coefficients as a function of velocity; and user-defined nodal displacements, velocity, and
accelerations (Ref 4). Using a SUN workstation Sparc 1 as the working platform for the
SEADYN90 computer model, a 12-to-1 ratio of CPU-to-real-time was required for this
application.

Input Data

Data retrieved from the tests were entered into SEADYN90 with minimal simplifications
(see Appendix A). SEADYNO0 is capable of accepting variations in current with respect to
depth, and temporal variations in ship speed, ship heading, and payout rate. The ability to use
actual test conditions with minimal simplifications was very important in that modeling errors




could be identified separately from input er..rs. The variability shown in the measured nodal
trajectories made this particularly important.

The Bounce Mingers, which were dropped simultaneously with a 1-mile separation,
returned essentially we same data. The current data collected from these were applied for the
entirety of each test. The data were edited and smoothed before they were entered into the
SEADYN90 model. Since no current data was gathered for the lowest quarter of the water
column, several trial profiles were constructed using apparent trends in the measured current data
and cable trajectories. The three predominate trial profiles are presented in Appendix A.

The dynamic coordinates at the point of cable deployment (barge’s stern position) were
calculated and read by SEADYN90 from an ASCII data file. AUTEC Range Control Center
provided a filtered estimate of the barge position once per second. This data was then edited for
wild points, averaged over 30 seconds, and stored in ASCII input files. SEADYN accessed these
files and interpolated barge speed and position versus time.

The cable payout rate was printed out once per minute by the Phrognav SINCS system
aboard OCP SEACON. This data was smoothed and wild points removed before it was linked
into SEADYNO0 as a user-defined subroutine. The trends in the processed payout rate data were
followed very closely to best emulate the dynamic characteristics of the cable descent.

There were a few minor simplifications made when creating the SEADYN90 discrete
model. The positions along the cable of the modeled pingers were adjusted slightly (no more
than 150 feet) to maintain consistent element lengths. Also, some simplifications were made in
the vessel track and payout functions prior to the release of the first pinger (during the initial
ramping period) to reduce modeling time. Sufficient time was given in the model prior to the
deployment of the first pinger to allow the cable to numerically return to its natv
configuration.

Validation

The validation efforts concentrated on Run 6. Twenty SEADYN90 simulations were
executed for this test. A catalogue of pertinent simulation parameters can be seen in Table 3.

The initial simulations showed little agreement between the measured and simulated
pinger trajectories. The current profile was changed; since no data was gathered for the lowest
1,300 feet of the water column, this appeared to be the most likely source of error. However,
significant changes in the current profile for this section of the water column made no significant
improvement on the cable trajectory comparisons. The next possible suspected error was the
(default) normal drag coefficient of 1.27. The drag coefficient was doubled for simulation 6b,
as the case when strumming occurs, and immediately the measured and simulated pinger
trajectories closely compared.

Appendix B displays the comparison between the actual pinger trajectories and the
numerically simulated data obtained using the double drag and "probable" current profile. These
graphs indicate that SEADYNO9Q is able to accurately reproduce the cable response with respect
to all of the applicable input parameters and a known drag coefficient (which was known only
through inference using the measured data in this case). Qualitatively, the simulated nodal
trajectories precisely followed the path of the AUTEC data for most of the pingers. On each
graph there are three numbered points marked along the AUTEC (measured) cable path where
the trajectory significantly altered course. At each of these points the SEADYN90 data also
significantly altered direction. There is often a slight mismatch between the graphed surface
points (the asterisks) of the AUTEC data and the SEADYNO90 data. This is due to the fact that
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Table 3. SEADYNO90 Simulations for Run 6

Simulation Label

Drag Coefficient

Current Profile

a. first look default conservative
b. current change default extreme
f. double drag double C,? & C extreme
g. current change double C, & C, conservative
h. *reference run* double C, & C, probable

[
.

current change

double C, & C,

1.15*probable

1. drag change 2.4*C,_,, double C, probable
q. drag change 1.8*C§, double C, probable
p. current change double C, & C, no current
m. 9.5% slack double C, & C, probable
0. 2*element length double C,, & C, probable
r. scale to 2 knots double C, & C, probable

s. shift shear depth double C, & C,

double C, & C,

probable + 400 ft

V, <==>V,

t. rotate current

3C, = normal drag coefficient.
®C, = tangential coefficient.

the AUTEC pingers were pressure activated to start transmitting 30 to 100 feet below the water
surface while the numerical trajectories were graphed from the time the simulated pinger left the
vessel. Also, the pinger locations in the SEADYN90 model were adjusted slightly along the
length of the cable (4150 feet) to maintain uniform element lengths; this introduces a bias which
appears as an apparent difference in the trajectories.

The similarities in the numerical and measured nodal trajectories provided sufficient
circumstantial evidence that the cable was strumming during descent. However, additional
calibration of the increased drag coefficient was deemed necessary, so Runs 2 and 7, with 45-
degree turns, were also modeled with the doubled drag coefficient. As with Test 6, the results
were excellent (see figures in Appendix B). This further increased the confidence in the accuracy
of the data, and reinforced the conclusion that the cable was strumming during the descent.
Thus, the best (back-fitted) normal drag coefficient as determined from these simulations was
approximately 2.54.

The SEADYNO90 best-fit simulations imply that the cable was strumming during its entire
descent through the water column. This is consistent with other cable drag measurements such




as those reported in Ke.erence 5. For additional verification of this hypothesis, the SOAR cable
dynamic problem was discussed with a consultant. After review of the dynamic data for this
cable’s descent, the consultant agreed that the cable appeared to be strumming. From an
independent strumming analysis, he estimated that the normal drag coefficient ranged from 2.3
near the surface and 1.7 near the seafloor. While the drag coefficient of 2.5 that was used in
the "best-fit" SEADYN comparisons is slightly higher, it is much more realistic than the
customary default value of 1.27. '

The question of the distribution of the drag coefficient over the cable was further
investigated by simulating the steady tow test - Run 5. As previously discussed, the objective
of Run 5 was to measure the equilibirum cable configuration at three different tow speeds. More
exactly, the objective was to measure the position of the three acoustic pingers attached to the
cable. This was accomplished for 0.5-, 1.0-, and 1.5-knot steady tow speeds.

The tow test was then simulated twice using SEADYN90, with default and then doubled
(strumming) drag coefficients assumed constant over the entire cable. The results are shown in
Figure 2. In Figure 2, all lines with the "x" correspond to the 0.5-knot tow speed; the "o" and
the "*" correspond to 1.0 and 1.5 knots, respectively. The solid line is merely a low-order
polynomial fitted to aid the eye in visualizing the measured cable shape as defined only by the
three pinger positions.

At the 0.5-knot speed, the cable is obviously nonstrumming since the strumming shape
is unacceptably different compared to the measured shape. However, a variable drag coefficient
is necessary to model the higher tow speeds. In both cases, the strumming coefficient is needed
to accurately model the upper half of the cable, but it diverges over the lower half. A "best fit"
would therefore involve a high drag over the top of the cable and a low drag drag over the lower
portion (i.e., variable over the cable length).

* This qualitative conclusion confirms the increased and variable coefficient predicted by
the consultant.

Additional parametric simulations were completed on Run 6 to reinforce that the cable
drag coefficient should be 2.54. The normal drag coefficient was varied by +20 percent and
-10 percent (3.0 and 2.3). Even though these simulated cable trajectories generally followed the
same patterns, the results from these additional SEADYN90 simulations did not match the actual
cable path nearly as well as those from the simulation using 2.54 as the drag coefficient. The
results from these simulations can be seen in Appendix C. This substantial evidence is
considered reasonable proof that the value of 2.54 for the drag coefficient used in SEADYN90
is real and not artificial for numerical convenience. This completed the modeling of the AUTEC
test data.

Parametric Analysis

Several additional parametric runs were made to further investigate the generic behavior
of the SOAR cable during descent and to anticipate some of the questions expected in the "ship
path-payout tables” simulation phase. These runs examined cable response versus payout
function/percent slack, magnitude and incident angle of current, and element length. The cable
response was observed for sensitivity to these parameters based on nodal position relative to the
turn: before, during, and after. Figure A-2 in Appendix A illustrates that pingers 1 through 4
were not affected by the turn region, where pingers 5 through 7 fell within the turn region.
Representative pinger trajectories for each parametric analysis can be seen in Appendix C.
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Second, it was concluded that 30 suspended cable elements or, equivalently, 380-foot
element lengths, are needed in SEADYNO90 to accurately model the cable shape in the water
column. An effort to use 20 suspended elements did not give accurate results. Decreasing the
number of elements increases the element lengths (by 50 percent in this case) which in turn
reduces the simulation time.

A significant effort was put into analyzing the effects of current on the cable trajectory.
Three parametric cases were simulated where only the northing component of the current in the
lowest quarter of the water column was altered. Changing the lowest magnitude of the current
for tn1s section from the "probable” +0.30 ft/sec to the "extreme” -0.15 ft/sec (a difference of
0.27 knots) caused a change in the touchdown position of the cable of up tc 200 feet for nodes
cuiside of the turn region. Within the turn region, this alteration in current was virtually
insignificant.

One of the parametric cases studied the etfects of eliminating the current. As expected,
removing the current caused the cable trajectory to primarily follow the barge path outside of the
turn region. This behavior was dissimilar to the snake-like path of the cable influenced by the
current. However, within the turn region, there was minimal change in cable trajectory
generated by removing the current.

Two final parametric analyses were conducted which involved manipulation of the
current. The first simulation "shifted" the current down by adding 400 feet to each depth value
(except at the surface) leaving the corresponding x and y current velocities the same. The second
analysis "rotated” the current by swapping the x and y current velocities, effectively changing
the incident angle of the current but not the magnitude or depth. As with the other current
parametric analyses, significant differences in cable shape were seen outside the turn region with
minimal dissimilarities found in the turn region. However, none of these changes improved the
comparisons to the measured trajectories.

SUMMARY

There were many significant conclusions from this study. First, the SEADYN90
validation test at AUTEC produced an excellent data set. This data set records the three-
dimensional deployment of 10 miles of cable, including one attached mass, in 4,900 feet of
water. The cable trajectory during descent was measured in 11 positions at 1/2- to I-mile
intervals on the cable and was found to be quite complex. The actual barge track and cable
payout were also recorded. The current profile was measured down to 3,600 feet.

Second, the numerical studies showed that comprehensive models like SEADYN90 are
capable of efficiently modeling payout operations under realistic conditions. Only minimal
simplifications were needed to create the input file. SEADYNO90 is capable of handling
variations in current with respect to depth and stochastic variations in ship speed, ship heading,
and payout rate.

Third, it has been shown that the normal drag coefficient of the SOAR II cable in this
deployment scenario is approximately 2.54 +0.13. This increase in drag coefficient over the
typical default value of 1.27 is due to the cable strumming during its descent through the water
column. Calculations conducted by a consultant independently confirmed that the cable was
strumming. The parametric analyses showed that it is extremely important to accurately model
the drag on the cable. The uncertainty in selecting the correct drag coefficient is considered the
largest source of error in the numerical cable modeling process.
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Fourth, the SEADYN90 simulations also established that the cable has two separate
behavioral responses dependent on the barge’s path. When the cable is not affected by the barge
changing course, it responds primarily to cross-track current and the payout rate. Other
parameters have minimal effect on the cable while it is outside the turn region. However, within
the turn region, the cable descent is relatively insensitive to the current. The barge’s position
and cable slack are the predominant influences.

Last, the calibration effort determined that SEADYN90 can accurately create a set of
payout tables for the SOAR II installation. [{owever, it would be impractical to create such an
extensive set of payout tables. The SOAR installation requires precomputed information on
ship’s path and payout rate versus leg orientation, incident current profile (x,z,t), and bottom
topography. A comprehensive examination of these parameters is not considered possible
because of the inability to premeasure on-site conditions and also due to time/CPU constraints.
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Appendix A

SEADYN90 INPUT DATA - RUN 6

A SEADYNO0 input file was developed from the data gathered at AUTEC. Minimal
simplifications were made to the input variables. A representative input file is shown as Table
A-1.

During each test, approximately 10 miles of cable were deployed, including the 1 mile
of cable deployed vertically to set the anchor. The hardware dimensions are listed in Table A-2.
Eleven acoustic tracking pingers were attached at various intervals on the cable (see Table A-3).
A dummy hydrophone was spliced into the cable close to one of the pingers so the effects of this
body could be monitored.

Other input entered into the SEADYN90 file include current profile, barge position, and
cable payout rate, which are seen in the following graphs. The current profile was interpolated
from the data gathered from the two Bounce Pingers deployed simultaneously, 1 mile apart.
Figure A-1. shows the data gathered from both Bounce Pingers (descending and ascending)
separated into Easting and Northing components. From this figure it can be seen that the four
data sets match very well. Overlaid on the Bounce Pinger data is the SEADYN90 input data
defined as the "probable” current profiles. The x and y velocities were entered into the
SEADYN input file by dividing the current profile into 10 nonuniform sections. Figures A-2
and A-3 show other current profiles applied to the Run 6 data set for parametric analyses.

The barge track and pinger touchdown locations are illustrated in Figure A-4. It is clear
even from the scale of this graph that the ship did not follow a straight line path. To model the
ship’s path without losing the cross-track movement, ship’s position (recorded every 30 seconds)
was entered into an ASCII file which was subsequently read by the SEADYN program. Figure
A-5 illustrates the cable payout rate for Run 6. The dashed line represents the data gathered
from the Phrognav SINCS system aboard the OCP SEACON. The solid line represents the data
input into SEADYNOO0 as a user-defined subroutine. The trends were closely followed to
accurately model the test conditions.
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Table A-1. Sample SEADYN90 Input

SEADYN-AUTEC VALIDATION EXPERIMENT
RUN#6-h. 90 DEG TURN @ 1.5 KTS W/MTU reference simulation.

1. Drag coefficient was effectively doubled by instead doubling
The "doubled Reynolds Number" is still in
the same range so this is a valid modeling simplification.

the cable diameter.

2.

"Probable" current profile used for the lowest 1300 feet.

Northing component of bottom layer current (+.15ft/sec).$

* 11% SLACK LAY,

FLAT BOTTOM,

PROBLEM

170,169,-3,1
FLUID

el
BODY

1, ,65,1.176,4.458

2, ,25,0.333,4.375
MATE

i, ,.110,.16W9,992146,1, .03
NODE

1, ,47924,-77929,-4900

*

9,1,49053,-77533,-1493.9

13,1,50008,-77197,
170,1,50008,-77197,
PAYOUT
1, 13,
ELEMENT
i, 1, 2,,1

169,169,170,,1
TENS

2, 5,,,150

6, 9,,,400
10,13,,,600
LIMIT
1,-4900,,1.02,3
LLOC

1,2,145,1
BLOC

1,43

2,27

2,36

2,45

2,49

2,55

2,61

2,75

2,89

2,109

2,130
TFUN

1,1,-703.5,
2,6,
3,-1,6
4,1,-703.5,
5,1,-703.5,

12,380,156,

0,-480, 3.
-480, 18541, -480

0,-480,1
1,-480

0' 2'
0,2,

12,1,

2,
2,

1

501
301
502
302
402
503
304
504
305
505

* & * % 4+ % % % ¥ * % »

2091

2
2

CONSTANT

(TEMPORAL) CURRENT PROFILE

* MTU

CABLE PINGERS,
MTU,

PINGER
CAGED ARMOR CABLE. Note doubled diameter.

NODE 1 IS ANCHOR ON BOTTOM: FREE FIXITY
TO ALLOW FOR AUTOMATIC NODE GENERATION.
!{FIX NODE LATER IN DEAD!!

NODE 9 PLACED TO FORCE CABLE INTO AN
INVERTED CATENARY (actually, "L") SHAPE.
NODE 13 IS THE INITIAL STERN POSITION
NODES TO BE PAYED-OQOUT ONBOARD VESSEL

BEGIN PAYOUT AT NODE 13, MITOSIS 380 FT

APPROXIMATE ONLY.

node # with AUTEC pinger #:

pinger #401

* * % »

CALL NODMOV.DAT FOR SHIP PATH

call usrtfn, with tparm=test#=6.
upward ramp used as curr multiplyer
downward ramp used as curr multiplyer
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Table A-1. Continued

FLOW
* define current vector at 10 depths, constant versus time.
* depth Vx Vy Vz depth Vx Vy Vz depth Vx Vy Vz depth Vx Vy Vz
1,2 -4901, o, .15,0,-3600,-.10, .30,0,-3010,-.35, .20,0,-2500, .05,-.10,0,
-2000, .05,-.40,0,-1500,-.075,-.3,0,-1070,+.20, .075,0, -890, 0, .10,0,
~-490, o, .80,0, 0, .10,-.25,0
2,1,-1.5871,-.5776,0 *1.0kts @ 250 deg (opposite of ship velocity)
TABL
1,1,145W11,1
*

initial static configuration

LIVE
FIX,3,11,12,13 * fix the anchor
CURR, 2 * steady flow to get initial configuration.
e initial dynamics, ramped to avoid transients ~————-—————o
DYN
MOVE,-1,2,4,3.0624, .9568 * ramp ship to 3.2 ft/sec
CURR,2,1,5,1,1,4 * ramp steady current down to zero
* and test current (varied w/ depth) up to full vel.
ouTp,,223.5W15,1, 60, 1W20, 1
PAYO,1,3,1 * tfun set #3 (which calls usrtfn)
TII‘E' 0. 03; ‘480,-703-51 1
SAVE, -1
* "steady-state" dynamic deployment
DYN * 300 plot.dat entries.
MOVE, -1,1,2,1 * ship
CURR, 1,1 * follow 1l0-point flow descrptn .
ouTP,, 600W15,1,179,1W20,2 * write plot.dat and limit.dat files @ 3 min.
PAYO,1,3,1 * tfun set #3 (which calls usrtfn)
TIME,0.03,18541,,1 * net simulation time = 19021 seconds.
SAVE, -6
END




Table A-2.

Cable Parameters

diameter
weight per foot

EA
breaking strength

Hydrophone(MTU) Parameters
length
height
width
weight

Pinger Parameters
length
diameter
weight

Anchor Parameters

weight

Hardware Description

[ A

A-4

0.66 inches

0.16 1b (submerged)

0.304 1b (in-air)

9.925¢7 Ib

9,000 1b (minimum) (not used)

54 inches

22 inches (used diameter = 14 inches
10 inches in SEADYN simulations)
200 Ib (in-air)

65 1b (submerged)

52 inches
4 inches
25 1b (submerged)

275 b (submerged)




Table A-3. Pinger Locations (from anchor)

Pinger AUTEC Distance ;EADYN9O Distance
No. Along Cable (ft) Along Cable (ft)
1 10,867 10,732
2 14,167 14,152
3* 16,782 16,812
4 17,582 17,572
S 19,182 19,092
6 21,432 21,372
7 23,682 23,652
8 28,907 28,972
9 34,127 34,292
10 41,962 41,892
11 49,787 : 49,872
e m——rre—

*Hydrophone.
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Run #6 Trial Current Profiles
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3 4 . -2000f
{ =
# 1 % -2s00r
e &
7 - -3000+
\“\‘
A‘}x . - -35m =
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§\~ s -4000
05 0 0.5 1 -1

East Velocity (ft/sec)

Run #6 Parametric Study Current Profiles
r 0 r

G
8

Depth (ft)

-0.5 0 0.5 1
East Velocity (ft/sec)

Used in SEADYN90-

0.5 0 0.5
North Velocity (ft/sec)

(-) =Extreme  (—) =Conservative (-.) =Probable (-+) =1.15.all depths

Figure A-2. Run 6 trial current profiles used in SEADYN90.

500}
-1000 |

-1500

(-) =Probable (-.) =Rotated

05 0 05
North Velocity (ft/sec)
(-+) =Shifted

Figure A-3. Run 6 parametric study current profiles.
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Northing (ft)

x104 Run 6 90 deg. Tum @ 1.5 kts w/MTU

5.5 =
6 i
Ship Path
_ _ Cable Touchdown

6.3 X Pinger Location |
L i}
15} -
4.5 7
Easting (ft) x104

Figure A-4. Run 6 90-degree turn at 1.5 knots w/MTU.
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Appendix B

SEADYN90 - SOAR COMPARISONS

This appendix graphically illustrates the quality of the results achieved by SEADYN90
for three of the SOAR experiments. Figure B-1 is a large-scale overview of nine of the
measured and simulated cable trajectories superimposed on the (dotted) barge track. Figures B-2
through B-12 are the "best” comparisons for Run 6 using the probable current and the doubled
normal drag coefficient (2.54). To assist in the inspection of these graphs, each of the cable
trajectories is subjectively marked at three critical locations where the SOAR and SEADYN90
cable trajectories significantly alter course. Note that the measured pinger trajectories vary
significantly, even for adjacent pingers.

There is a slight offset in surface locations between the SEADYN and SOAR data. This
is due to the fact that the position of the simulated pinger was in some cases up to 150 feet away
from the actual pinger location along the cable due to the required descretization of element
lengths. Also, the SOAR pingers were pressure activated so no data was obtained until the
pinger was 30 to 100 feet into the water column.

Figures B-13 through B-16 illustrate the cable trajectory comparisons for Run 2 and 7.
These further illustrate that the normal drag coefficient of 2.54 is an accurate constant for these
conditions and SEADYN90 is competent at simulating the SOAR conditions.




Northing (ft)

x104 Run 6 90 deg. Tum @ 1.5 kts w/MTU
_ _AUTEC Data __Seadyn Data
i e9 _
_ 5/.8 -
i “/7 R
— \_/\6 —
| \2\ - M’%U R
55 6 6.5 7
Easting (ft) x104
Figure B-1. Run 6 90-degree turn at 1.5 knots w/MTU.
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x104  Run2 45deg. Turn @ 1.5 kts w/out MTU
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Figure B-13. Run 2 45-degree turn at 1.5 knots without MTU.
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Figure B-17. Run 7 45-degree turn at 1.5 knots without MTU.
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Appendix C

PARAMETRIC ANALYSES RESULTS

Parametric analyses were conducted to better understand the behavior of the SOAR cable
and the modeling process (see Appendix B). Three separate sets of parametric runs were
completed. The first set of parametric runs (Figures C-1a through C-7a) was a study of the
effects that the drag coefficient produced on the cable trajectories. It can be seen from these
graphs that a change in drag coefficient as little as 10 percent can change the final resting
position of the node as much as 200 feet. This further confirms that the normal drag coefficient
of 2.54 +0.1 is an accurate constant for these conditions.

The second parametric study (Figures C-1b through C-7b) looked at the effects of
variations in the current profile with only changes to the bottom one-third of the water column.
This illustrated the importance of knowing the current for this section of the water column. It
also shows that current does not have as great an effect on the cable trajectories when the barge
is altering course.

The final parametric study (Figures C-1c through C-7¢) considered the effects of more
extreme current changes, such as those caused by the failure of a data collection system in an -
on-site real-time simulation model. Again, the cable trajectories appeared to be affected less by
the change in currents when the deploying vessel was altering course. )

Current profiles of all the parametric analyses can be seen in Figures A-2 and A-3.
Figure A-4 show that pingers | through 3 are before the change in barge path. Pingers 4
through 7 are affected by the 90-degree turn.
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DISTRIBUTION QUESTIONNAIRE
The Naval Clvil Engineering Laboratory is revising its primary distribution lists.

"SUBJECT CATEGORIES

1 SHORE FACILITIES
1A Construction methods and materiais (including corrosion
control, coatings)
1B Wateriront structures (mz ‘ntenance/deterioration controf)
1C Utlities (inciuding power conditioning)
1D Expiosives safety
1E Aviation Engineering Test Facilities
1F Fire prevention and contro!
1G Antenna technology
1H Structural analysis and design (including numericai and
computer techniques)
1J Protective construction (including hardened shelters, shock
and vibration studies)
1K Sollirock mechanics
1L Airfiekis and pavements
1M Physical security
2 ADVANCED BASE AND AMPHIBIOUS FACILITIES
2A Base faciities (inciuding shelters, power generation, water
supplies)
Expedient roads/airfields/bridges
Over-the-besach operations (including breakwaters, wave
forcas)
POL storage, transter, and distribution
Polar engineering
ENERGY/POWER GENERATION
Thermal conservation (thermal engineering of buildings,
HVAC systems, energy loss measurement, power
generation)
Controis and electrical conservation (electrical systems,
energy monitoring and controt systems)
3C Fuel flexibliity (liquid fuels, coal utiiization, energy from solid
waste)
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Alternate energy source (gecthermal power, photovoitaic
power systems, solar systems, wind systems, energy
storage systems)

Site data and systems integration (energy resource data,
integrating energy systems)

EMCS design

ENVIRONMENTAL PROTECTION

Solid waste management

Hazardousfoxic materiais management

Waterwaste management and sanitary engineering

Oll poliution removal and recovery

Seafioor solis and foundations

Seafioor construction systems and operations (including
diver and manipuiator tools)

Undersea structures and materials

Anchors and moorings

Undersea power systems, electromerhanical cabies, and
connectors

Pressure veasel facillties

Physical environment (including site surveying)

Ocean-based concrete structures

Hyperbaric chambers

Undersea cable dynamics

ARMY FEAP

BDG Shore Faciilties

NRG Energy

ENV Environmental/Natural Responses
MGT Management

PRR Pavements/Raiiroads
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DISTRIBUTION QUESTIONNAIRE .
The Naval Clvil Engineering Laboratory is revising its primary distribution lists.

BJECT CATEGORIES

SHORE FACILITIES

Construction methods and materiais (including corrosion
control, coatings)

Waterfront structures (maintenance/deterioration control)

Utllities (including power conditioning)

Expiosives safety

Aviation Engineering Test Facilities

Fire prevention and contro!

Antenna technology

Structural analysis and design (inciuding numerical and
computer techniques)

Protective construction (including hardened shelters, shock
and vibration studies)

Soll/rock mechanics

Airfiekis and pavements

Physical security

ADVANCED BASE AND AMPHIBIOUS FACILITIES

Base faciilties (including sheiters, power generation, water
supplies)

Expedient roads/airfisids/bridges

Cwer-the-beach operations (inciuding breakwaters, wave
forces)

POL storage, transter, and distribution

Polar engineering

ENERGY/POWER GENERATION

Thermal conservation (thermai engineering of buildings,
HVAC systems, snergy loss measurement, power
generation)

Controls and electrical conservation (electrical systems,
energy monitoring and control systems)

Fuel flexibillty (liquid fueis, coal utifization, energy from solid

waste)

TYPES OF DOCUMENTS

3D Altemate energy source (geothermal power, photovoltaic
power systems, solar systems, wind systems, energy
storage systems)

Slte data and systems integration (energy resource data,
integrating energy systems)

EMCS design

ENVIRONMENTAL PROTECTION

Solid waste management

Hazardousftoxic materials management

Waterwaste management and sanitary engineering

Qll poliution removal and recovery
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Seafloor construction systems and operations (inciuding
diver and manipuiator tools)

Undersea structures and materials

Anchors and moorings

Undersea power systems, electromechanicai cables, and
connectors

Pressure vessel faciilties

Physical environment (including site surveying)

Ocean-based concrete structures

Hyperbaric chambers

5K Undersea cable dynamics

ARMY FEAP

BDG Shore Faciilties

NRG Energy

ENV Environmental/Natural Responses

MGT Management

PRR Pavements/Railroads
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D = Techdata Sheets; R - Technical Reports and Technical Notes; G = NCEL Guides and Abstracts; | = index to TDS; U = User
Guides; [J None - remove my name

Old Address:

Telephone No.:

New Address:

Telephone No.:
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The Naval Civil Engineering Laboratory has revised its primary distribution lists. To help us verify
our recoras and update our data base, please do the following:

. Add - circle number on list
. Remove my name from all your lists - check box on fist.

. Change my address - ine out incorrect line and write in correction
(DO NOT REMOVE LABEL).

. Number of copies should be entered after the title of the subject categories
you select.

. Are we sending you the correct type of document? If nat, circle the type(s) of
document(s) you want to receive listed on the back of this card.

Fold on line, staple, and drop in mail.
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NCEL DOCUMENT EVALUATION

You are number one with us; how do we rate with you?
We at NCEL want to provide you our customer the best possibie reports but we need your help. Therefare, | ask you
to please take the time from your busy schedule to fill out this questionnaire. Your response will assist us in providing

the best reports possible for our users. | wish to thank you in advance for your assistance. | assure you that the
information you provide will help us to be more responsive to your future needs.

S b

R. N. STORER, Ph.D, P.E.

Technical Director
DOCUMENT NO. TITLE OF DOCUMENT:
Date: Respondent Organization :
Name: Activity Code:
Phone: Grade/Rank:
Category (please check):
Sponsor User _ __ Proponent Other (Specify)

Please answer on your behalf only; not on your organization's. Please check (use an X) only the block that most closely
describes your attitude or feeling toward that statement:

SA Strongly Agree A Agree O Neutral D Disagree SD Strongly Disagree

SAANDSD SAANDSD
1. The technical quality of thereport () () () () () | 6. The conclusions and recommenda- () () () () ()
is comparable to most of my other tions are clear and directly sup-
sources of technical information. ported by the contents of the
report.
2. The report will make significant OO0
improvements in the cost and or 7. The graphics, tables, and pboto- OO0
performance of my operation. graphs are well done.
3. The report acknowledges related 0000
work accomplished by others. Do you wisb 1o continue getting O .
NCEL reports? YES NO
4. The report is well formatted. OO0

Please add any comments (e.g., in what ways can we
improve the quality of our reports?) on the back of this
form.

5. The report is clearly written. (O 000
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